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included listening surreptitiously to the rehearsals of quartets and quintets by the Ysaye Q uartet and his father, from behind half-opened doors. He recalled, too, how Saint-Saens, who had taught his father, became like an uncle to him and was always in and out of the Faurd's home. Ravel was one of his father's pupils and he also was a frequent visitor, but it was SaintSaens who appealed most to the young Emmanuel. He won the boy's deepest affection, admiration, and respect. The breadth of the musician's interests obviously was most stimulating to his enquiring mind and probably in fluenced the way in which it developed. Whenever Saint-Saens arrived in the house 'c'dtait fete', and in this happy atmosphere many interests were no doubt kindled. As already mentioned, his mother had a great interest in astronomy and among the presents which Saint-Saens was always giving to the family she received from him a telescope, and this instrument remained as a treasured possession in the Faurd-Fremiet household, at least until 1970. His maternal grandfather, the sculptor Fremiet, was also greatly loved and respected; in the same interview in New York Emmanuel recalled how he always went in fear of disappointing either his father, his grandfather, or his 'adopted' uncle, by not living up to their high standards. As a boy, he spent much time in his grandfather's studio where he acquired considerable skill and an abiding passion for animals and how they work.
In 1889 a second son, Philippe, was born into this exciting household and Emmanuel records how, as they grew up and developed, his own interests veered towards the visual arts and to scientific studies while those of his younger brother were captured more by music, literature and philosophy. It seems to have been characteristic of father Faur£ that he did not push his sons in any way. He gave them the chances to learn but had no wish to force music or anything else, upon them. When he played music to them he seldom chose his own compositions but preferred to attract their interest and attention by simpler and more juvenile pieces.
Emmanuel seems to have inherited more from his mother's side of the family, in that he shared her love of the scientific together with her father's artistic talents, including his knowledge and love of animals. Nevertheless throughout his life he always derived great joy from listening to music and was indeed very knowledgeable about it; so, he clearly inherited something of his father's musical sensibility, if not his executive skill.
Emmanuel did not enjoy good health as a boy and, probably for that reason, he never went to school in the ordinary way but was privately tutored. This had its compensations for it allowed him to develop his artistic talents so that at first it appeared that he was destined for an artistic career. As a boy he was extremely interested in ships and boats of all kinds. Indeed in 1897, at the age of 14, he had completed a book of annotated pen and wash draw ings which he entitled 'La Marine, Tome I, Marine de Guerre'. It is a remarkable collection both with regard to the number of types of craft and their crews that are illustrated and also as an artistic production. Thethe same lines were also planned and started, but like many other projects of adolescent minds they were unfortunately never completed.
W ith this innate skill in drawing, he readily learned to paint in oils with distinction. Some of his paintings were indeed exhibited in the Salon des Artistes Frangais. Most of his paintings were portraits and were of his immediate family circle. They have qualities more reminiscent of Corot's portraits than of the impressionist paintings of the time, though the influence of the latter can be sensed in his use of colour. He also followed in his grand father's footsteps and showed considerable skill as a sculptor. There are in existence portrait busts of his father, his grandfather, and of his father-in-law. T hat of his father stands as a central figure in the park at Foix, the village at the foot of the Pyrenees where his paternal grandfather was Director of the Ecole Normale and where his father spent his young days.
In spite of these early successes he soon perceived that his technical skill was not matched by the necessary inspiration and flair for a really successful artistic career. He modestly confessed to a lack of artistic originality. Thus the aesthetic side of his personality was strangely complex. He was musically sensitive but inarticulate, while in the visual arts he had the necessary technical ability but insufficient flair, except perhaps towards sculpture, for he did indeed produce a notable bronze bust of his revered father-in-law Louis-Ftffix Henneguy where the motivation was obviously very strong. It is perhaps not surprising therefore that, as a young man, he began to turn his attention in the direction of his other great interest, namely natural history and science. He attended the courses at the College de France. Curiously enough it was not then the large animals that so fascinated his grandfather that caught his attention, but rather the minute and lowly protozoa, and at the age of twenty-one we find him publishing his first scientific paper on them and attending meetings of the Socidtd de Biologie.
With this outline of the background and home-life in which the young Faurd grew up we may now follow the course of development of his scientific work and see how he evolved from the observer of the minute and particular to become one of the world's greatest synthesizers in the field of cellular physiology and indeed of biology in general.
Throughout his whole long lifetime the creatures for which he had the greatest affection and which dominated his interests were undoubtedly the protozoa and, in particular, the ciliates. In short, he was primarily a protozoologist, but he was never content, as so many lesser men have been, to limit his horizon to this one group. Anything which could throw light on the working of cells, especially of course of his beloved protozoa, was grist to his mill. New observations and experiments by his fellow scientists were examined, often repeated, and sifted for their general applicability first to his special interests and then to cytology in general. He was constantly making excursions into other fields but always to return again with the booty to his own special territories.
Between 1904 and 1971 he published nearly five hundred items of all sorts, including books, reviews, original scientific papers, historical notes and obituary notices. Yet he still left unpublished a massive compilation of notes and text in preparation for the comprehensive Tome II of Traite de ^oologie (edited by Pierre-P. Grass£) which, after several decades of work on it he still considered had not yet attained that degree of perfection which he thought necessary before allowing such an important and authoritative account to appear in print.
From all this extraordinarily massive contribution to biological science it is unfortunately only possible to pick out certain themes which seem to the author to have been specially interesting or significant, and much of his work will have to pass without comment. The danger of such a selective procedure is, of course, that it may tend to reflect the interests of the author rather more clearly than the true scientific value of the various contributions, but the appended list of his publications may allow others to form their own opinions and to correct the balance.
His first paper (1904, and incidentally published under the name Faurd) was a note on a new genus of ciliates, the Opercularia, belonging to the Vorticellidae and it is fitting to notice that one member of this group now bears the nam efaurei.During the same year he published several more on other members of the Vorticellidae and it is clear that his interest had already been caught by their intricate intracellular organization of adoral cilia, contractile vacuoles, contractile peduncle and so on; and this was a theme which became basic to all his researches. These later papers in 1904 all appeared under the name Faur^-Fremiet which his father at that time arranged that the children should adopt.
In order to see these papers in their true perspective it must be re membered that the researches were being made without the help of phasecontrast, interference and other sophisticated microscopes, and at a time when the structure and organization of cytoplasm was far more a subject for speculation and conjecture and much less an object of direct investigation and experiment than it is today. Indeed his third paper discusses the structure of protoplasm in the Vorticellidae, and similar contributions continue to appear from time to time, as new observations and new methods provide new clues, and they are still to be found even among his latest contributions. Underlying these close and detailed observations on structure there were always latent, and often patent, questions on function, physiological signifi cance, and on the part that the structure played in the life and ecology of the organism. How does this structure work ? How does it develop ? W hat purpurpose does it serve? These were questions always being asked. Closely connected with the problem of 'how does it develop ?' (embryologically or ontogenetically) was also the related question of how the structure originated and what were its phylogenetic and evolutionary implications. The 'how and why' of evolution was of course a very important driving force for all zoologists and botanists at that period, and Faurd-Fremiet was far from being an exception among the protozoologists in this respect. Even in these early studies of the method of attachm ent of vorticellids to their substratum we find the reasons for the attachm ent and the nature of the commensalism between these protozoa and their insect, molluscan or other host-organisms being discussed together with the possible explanations for the remarkable specificities of such associations.
Among the cell structures that attracted his early attention were the 'vesicles' which he described as spheroplasts, about which he argued with Kunstler ('le savant professeur de Bordeaux') and which in 1907 he identified, on grounds of their identical response to fixation and staining procedures, with the bodies in metazoan cells which were becoming recognized as mito chondria. This recognition of mitochondria as constituents not only of metazoan cells but also of living protozoa was probably one of the major contributions of this first period of his researches. His interest in these enig matic structures led him, often in collaboration with others, to investigate them in other situations, including the sex-cells of millipedes and of the electric organ of Torpedo and in vertebrate heart muscle. Chemical analyses which he and his colleagues made on them led him to conclude that they were lipo-protein structures, very rich in phosphatides.
In 1910 he won the C. A. Peccot Prize at the College de France and took up the post of 'assistant lecturer' (pr^parateur suppliant) in the departm ent of comparative anatomy at the Museum national d'Histoire naturelle. A year later he was appointed as 'lecturer' (pr^parateur) in the department of comparative embryology at the College de France. This meant that he be came an assistant to the Professeur Louis-FHix Henneguy who had, in fact, been his patron, adviser and sponsor in all his early scientific work.
In 1912, perhaps as a consequence of this official appointment with its accent on embryology, there came an apparent break in the stream of papers on the protozoa and a spate of cytological papers on the parasitic nematode worm Ascaris. This started with the investigation of mitochondrial behaviour in the germ cells, but quickly led on to a very thorough study, not only of the structure of the germ cells, their Golgi bodies and chromosomes, but also to their behaviour during maturation, fertilization and early segmentation. To these problems he also applied his knowledge and skill as a histochemist.
During this year and in spite of these other activities, the protozoa were not entirely neglected and forgotten. Far from it. He was occupied in organizing the material and classifying the Foraminifera collected on the French Expeditions to the Antarctic and the voyages of the , a task which alone might well have occupied the whole attentions of a lesser man.
In 1913, in collaboration with Mile Chevroton, he made what must have been one of the first cinematographic studies of an embryological process, and recorded the process of cleavage in the eggs of Ascaris. The first films of cells in tissue culture were taken in the same year, also in France, by Commandon, Levaditi and Muttermilch. Thus he was in at the start of microcinephotography. The influence of ultra-violet light on biological systems was being widely appreciated at this time also, and surely enough, there is Faurd-Fremiet in the vanguard turning these rays on to Ascaris eggs. Not content with these diversions he was also attracted by work going on in quite distant fields and immediately saw its application to a problem in the behaviour of his favourite Vorticellidae. Louis Lapicque (perhaps best known in this country for his controversy with W. A. H. Rushton on the subject of chronaxie) was at that time concerned with the measurements of the excitability of the membranes of nerves and muscles and the initiation of muscular contraction. The peduncle of Vorticellidae is contractile and it could be a modified flagellum or perhaps it involved a sort of muscle. The assistance of Professeur Lapicque was immediately requisitioned and an investigation into the electrical properties of Vorticella took place. The results indicated some similarity with the properties of insect muscle.
Scientifically perhaps, 1913 was a somewhat lean year by Faurd-Fremiet standards, but it was very important in other directions. Professeur Henneguy, who had guided his early scientific work and in whose department he was now firmly installed, had two daughters, Jeanne and Suzanne, and their presence had not passed unnoticed by Emmanuel who was now in his thirtieth year with a firmly established position in the scientific hierarchy. In March, Jeanne became his wife, and, although they were destined to have no children, the marriage proved to be a very happy one and lasted for fifty-four years, until Jeanne died in 1967. For many years of this partnership Jeanne's unmarried sister, Suzanne, had lived with them and remained there until she too died in 1970.
Professeur Louis-Fdlix Henneguy had an enormous influence on the young scientist. Not only was he a great cytologist and embryologist, some thing of a sceptic (e.g. he was very dubious about Weismann's theories of heredity), and a stickler for detail, but he had a very wide range of interests, both scientifically and towards life in general. He was a keen sailor, and this provided opportunities for Faurd-Fremiet to collect plankton and see some thing of marine life away from the sea-shore and thus acquire a lasting interest in marine ecology. Henneguy who was himself the son of an author and playwright, was also a great lover of the country and a naturalist in the widest sense. His wife was the daughter of the great socialist leader, P. J. Proudhon; Faurd-Fremiet in the appreciation of his father-in-law that he wrote on the death of the latter in 1928, describes their home as a centre of civilized life. Certainly the young scientist grew up in and married into an environment of quite exceptional culture; and it must be remembered that the world has probably never reached such high levels of culture as those attained by the so-called privileged classes of Europe in the years im mediately preceding the 1914-18 war.
A year after his marriage, the lights of Europe began to go out. By August 1914 full scale war was ram pant; but meanwhile Faur^-Fremiet had been awarded the Prix M artin Damourette and had published papers on nematocysts and trichocysts and two papers on technical aspects of microscopy.
One of these last was, appropriately to the general situation, on dark-field illumination, a method which he subsequently used extensively and with great effect, particularly when making his own drawings to illustrate biological structures such as the pseudopodia and lamelliform membranes of protozoa and amoebocytes.
When the war blazed up and the holocaust threatened to engulf the whole of France, he quickly became attached to the Laboratoire de Vaccination anti-typhoidique et de S^rothdrapie de PArmde and in 1916 transferred to the Laboratoire de Physiologie des Etudes chimiques de Guerre. As the result of these appointments he became greatly concerned with the healing of wounds, the treatm ent of burns, and the nature of the damage caused by chemical irritants. It is interesting to note from his papers on these topics that he regarded the process of wound-healing as a modification of the normal processes of growth and thus likely to be governed by the same or similar laws. As a cytologist he was naturally concerned with the detailed histological effects caused by war gases and with the cellular damage that they caused to the lungs. This provoked a thorough investigation of the very curious epithelium that lines these cavities. As a result, several important papers on the normal development of the lung appeared in due course. Curiously enough the observations were mostly based on the sheep, a rather unusual animal for scientific investigations at that time. In the production of these papers he had many distinguished collaborators, including J. Dragoiu and A. Mayer. It seems probable that this war-time work had a very considerable broadening effect on his subsequent outlook as a zoologist, because, for a time, we find developmental processes as a whole occupying more and more of his attention while the protozoa take a relatively less prominent position in his researches.
In 1918 he became a member of the Socfefe de Biologie, at which he had already been a very frequent speaker, and in 1919, at the age of thirty-six he became Officier d 'Acad&nie, a notable honour. At this time it seems that his interests turned towards the organization of science, for we find him taking on the post of Secretary General of the Fdd^ration des Socfefes de Sciences naturelles and later that of Secretary General of the Confederation des Socfefes scientifiques fran^aises, and these posts led on to his election in 1925 as Secretary General of the International Union of Biological Sciences.
After the 1914-18 war he also became more involved in teaching and it is interesting that the courses which he gave first as Suppfeant du Professeur d'Embryog&iie c o m p are were not primarily on the protozoa but on the cell physiology of development. Such topics as growth, cell differentiation, and the development and evolution of the organization of animals formed the basis for his lectures, and in 1925 he published La CinStique du , a book which justifiably attracted widespread attention and which became recommended reading for zoological students not only in France but in both Britain and America. The early years of this century were of course a time of great activity in the field of experimental embryology. The magnificent, but mainly descriptive, work of the embryologists of the nineteenth century had posed so many questions of how and why these extraordinarily intricatelyorganized processes go on so smoothly and faultlessly that it was natural for the embryologists of the twentieth century to experiment with the material and to alter the conditions of development in order to find out just how it all worked. H. Driesch, E. B. Wilson, T. H. Morgan, F. R. and R. S. Lillie, E. G. Conklin, J. Loeb, A. Brachet, H. Spemann, are but a few of the great names associated with this zoological revolution. It should perhaps be noted here that this was indeed a revolution, and the change of outlook required considerable moral courage on the part of the experimentalists. In the minds of the Victorians, though perhaps less so in the minds of the contemporary French, anything to do with the processes of sex and embryonic development was not a topic that could be mentioned, and still less discussed, in polite society. Young 'ladies' at school in Edwardian days might describe plants and make drawings of the parts of flowers but for them to discuss animal re production was altogether out of the question. Faurd-Fremiet was in the fore-front of this revolution, not as a militant protester, but as an honest enquirer after the truth, and his
Cinetiqu du early and successful attempts to synthesize into some sort of coherent story the work that was going on in the various laboratories at the time. It preceded T. H. Morgan's more comprehensive book on Experimental Embryology by two years. Much of the outlook of Faurd-Fremiet's book may now seem to modern eyes to be curiously orientated and often naive, but then cytoplasmic structure was being considered without the help of the electron microscope or even of phase-contrast microscopy. Cell division and growth were being studied without our knowledge of the intricacies and choreography of DNA and RNA. Nucleoproteins were still intractable. The main metabolic cycles for energy production were still in the bone-shaker stage. Robert Chambers in America had only recently developed his techniques for microdissection and cell puncture. Electrical recording was in its infancy and it was only a year or two before the 1914-18 war that tissue culture, adumbrated by L. Loeb and initiated by R. G. Harrison, had in the hands of Alexis Carrel, Warren and Margaret Lewis and their associates become a possible approach to many of the problems of cell differentiation. This was the sort of atmo sphere in which Faur^-Fremiet was working when he wrote his Cinetique du Developpement, and the background against which he created his picture of experimental embryology. In the fore-ground were; first, his own observa tions of the embryonic development of worms, fish, and Amphibia, particu larly with reference to the energetics of the process and the utilization of fats, glycogen, and storage materials; second, his studies on the effects of ions on cells which had been set in motion by his observations on the protozoa of the salt marshes of the coast at Le Croisic near the mouth of the Loire; third, his voracious reading of contemporary cytological, histological, and embryological literature.
Biographical Memoirs
By 1924, when his father died, he had firmly established himself as a recognized leader of biological science and in that year he was finally persuaded by his professor to take his Doctor's degree, having already 189 published papers to his credit. His doctoral thesis ('Contribution a la connaissance des Infusoires planktoniques') is a quite remarkable document very extensively illustrated with his own original drawings, which, as might be expected, are of the highest quality.* Four years later on the death of Professeur Henneguy, his father-in-law, he succeeded to the chair of com parative embryology in the College de France, a post which he held with distinction until 1955 when advancing age and college regulations decreed that he become Professeur Honoraire. Throughout his tenure he regularly gave courses in various aspects of embryology, and the topics which he treated varied from year to year. There was no narrow-minded specialism for him, no re-hashing of last year's notes, but instead we find him adapting his topics to current interests; gastrulation in the animal series in one year, protein structures in cells in the next, and a few years later the micro-ecology o f cells was one of the main topics. He was acknowledged as a very fine and stimulating teacher and was very popular with both students and research workers who found him always approachable. Did he perhaps inherit these qualities from his paternal grandfather, the sometime Head of the Teachers' Training School, at Foix? Upon Henneguy's death, Faure-Fremiet became an editor
of Archives d'Anatomie m i c r o s c o p i q u e
, the journal of which Balb Ranvier and Henneguy were co-founders, and which was thus very closely associated with the College de France.
From 1925 his own researches became concerned very actively with the movement of cells and the changes of state (thixotropy) of protoplasm, as seen both in the protozoa and in the amoeboctyes of the lug-worm, , and of other invertebrates. The amoeboid movement of the cells in the lungs had attracted his attention during his war-time work and may well have inspired these later researches, which were on amoeboid cells in general. Lamelliform membranes and the various forms of pseudopodia particularly fascinated him, and the work gradually extended, via the behaviour of cells isolated from sponges, to the properties of the mesenchymal cells of vertebrates. Not only the movement but also the aggregation of dissociated sponge cells interested him, and such factors as electric charge, and the effects of ions on the process of aggregation and regeneration were early put to the test by him and his colleagues. Furthermore, he appreciated that it was not only aggregation of cells that occurred in these suspensions of cells, but also there were problems of differentiation and reversibility or ir reversibility of the process that had to be considered. In some of these studies he was assisted by his distinguished pupil, B. Ephrussi, and the value of the tissue culture methods was exploited to the full. His paper on the histology of the sponge, Ficulina ficus, published in 1931, is a model of accurate observation, 196 shrewd conclusions and artistic illustration. It forms the basis for two immediately following papers that analyse the reorganization of sponge colonies from the initial suspensions of isolated cells; these too are models of sound synthesis from numerous observational details. The balance between inherent properties and external forces in the differentiation of cells and the plasticity of cellular behaviour are demonstrated with great force at a time when cell types still tended to be regarded as rather rigid and as intrinsically and irrevocably determined. The similarity in the behaviour of the sponge cells in culture to that of the tissues of vertebrates under similar conditions was fully appreciated by Faurd-Fremiet.
In 1929, under the auspices of the Rockefeller Foundation, he paid the first of his very few visits to the U.S.A. and took part in a conference and various other activities at Woods Hole where he made many friends and still more admirers. Presumably because of this visit and of the work involved in taking on the duties of his professorship 1929 was, by his standards, a relatively unproductive year; but this pause was not destined to be of long duration.
In 1930 the Faraday Society, in combination with the Royal Society, the Chemical Society, the Physiological Society the Physical Society, the Biochemical Society and the Society of Chemical Industry organized a symposium in Cambridge on 'Colloid science applied to biology5 which became a definite landmark for cytologists and biochemists alike. It was at this conference that Professor R. A. Peters (now Sir Rudolf) first promulgated the idea of a cytoskeleton on the molecular level to account for some of the organizational properties of cytoplasm. At the same conference FaurdFremiet was invited to read a paper and show a film. He spoke on 'the kinetics of living m atter5 and his film showed the behaviour of pseudopodia and some of the intricacies of amoeboid movement. Both scientists were clearly approaching the same point of view, the one from the chemical and molecular direction, the other from the structural and ultrastructural angle. Faurd-Fremiet emphasized how different biological properties could ensue from alterations in the molecular organization. Thixotropy and the changes of state of the cytoplasm in relation to the function of different sorts of pseudopodia was the dominant theme of his contribution. It was at this conference, too, that a serious interest began to be taken in the properties of fibres and of fibrous structures of living matter. In the immediately ensuing years we find Faurd-Fremiet publishing papers on the properties of collagen, reticulin, and elastoidin and taking a great interest in all fibrous structures from the fins of fishes to the stalk of Vorticella. It may be noted in passing that artificial fibres were commercially only just beginning to make their way in 1930 and the basis of fibrous structures, both natural and artificial was only then becoming a topic of widespread interest and industrial importance. X-ray analysis of cotton fibres was discussed at the Faraday Society conference. Faurd-Fremiet's interest in biological fibres dominated his researches until the outbreak of the 1939-45 war. Characteristically when new techniques became available, like the X-ray analysis of wool and Biographical Memoirs keratin developed by Astbury and his colleagues in the early 1930s, they were quickly pressed into his service, if not actually under his own hands, then in collaboration with an expert. Thus a series of papers appeared on such topics as the properties of collagen, the nature of the egg capsules of elasmobranchs, or the structure of the elastoidin fibres from selachian tail-fins. Amongst them, however, there also appear papers on the properties of the peduncle of Vorticella, and others describing new species of protozoa or dis cussing some problem in the classification or evolution of the ciliates. Thus the protozoa continued to exert their appeal and, all in all, he described more than thirty new species. His interest in their diversity and organization was never completely dormant. The regular visits which he paid during vacations to the coast and to the marine biological stations, at Goncarneau and Roscoff in Brittany or at Banyules-sur-Mer on the M editerranean, no doubt acted as effective stimuli and provided the necessary opportunities, though he was also an assiduous collector from the ponds and waterways nearer home.
The scientific world at large was beginning to realize at this time how great a man it had in its midst for in 1933 he was invited to make an extended tour of South America, visiting Rio de Janeiro, Sa6 Paulo, Buenos Aires, Monte video, La Paz and Lima, as a result of which he became a corresponding member of Academia Brasileira de Giencias, foreign member of Sociedad O n the outbreak of Hitler's war he became involved with an organization for studying chemical warfare, and as a member of the council of the Centre National de la Recherche Scientifique was on the committee for the study of the problems of wound-healing, the field in which he had done such dis tinguished work more than twenty years earlier. After the fall of France he seems to have returned to his more normal scientific work, and among a series of papers on the structure of fibres there are once more interspersed an increasing number on the ciliates, and it is interesting to note that one of these was in collaboration with Mile M. Hamard, a research student who sub sequently became his assistant and devoted to the whole Faur^-Fremiet household and who, many years later in 1971 after the deaths of his wife, Jeanne, and her sister, Suzanne, became his second wife. It was she who sus tained him and comforted him so devotedly during his last and fatal illness.
When the war was over, the study of the ciliates mainly occupied his attention, and it was such things as their polarity, their morphogenesis and the development of their special structural features that fascinated him. This work reached its culmination in 1950 when he published a classification of the ciliates based on the behaviour of their nuclei and on the arrangement and development of the patterns of the cilia and of the infraciliary structure (infraciliature) which at that time was largely determined by the use of silver impregnation. This classification and the accompanying concept of the phylogeny of the various groups has so far stood the test of time and provided a satisfactory basis for further work as well as a plausible interpretation of their evolution.
In 1945 he was actively discussing the use of the electron-microscope as a biological tool for the investigation of cellular fine-structure. In his interpreta tion of the nature of cytoplasm he had been much influenced by the work of Sir William Hardy and fully appreciated the variability in the form and pattern of the complex colloidal systems that exist within the cytoplasm in relation to the ionic content, the degree of hydration, the temperature, and the composition of the surrounding medium including the effects of the necessary agents used for the fixation and 'preservation' of the cells and tissues, before they can be examined microscopically in thin sections. In 1948, with M. Bessis, he was much concerned with the form and behaviour of the hyaloplasm of lamelliform membranes and similar structures and with the factors that produce vacuolation in cytoplasm. Curiously enough in all this work, apart from a short note in 1926 that discusses lamelliform pseudo podia in relation to myelin figures, he seems always to have been more interested in the body of the cytoplasm than in the nature of the membranes that limit the various phases. Nevertheless as early as 1948 he was in vestigating the effects of pH on the action of anionic and cationic detergents on the eggs of Teredo, and concluding that these followed the entry of the non-polar part of the molecule into the lipoprotein complex on the surface of the egg.
All these studies in cellular physiology and morphology only occupied a part of his active mind, because the relationships between one organism and another continued to present problems to him ; there are many ecological studies on the protozoa of inter-tidal pools, shores and salt marshes, and he was specially interested in the sand-dwelling ciliates. These provided him with some of his main studies in 1950 when he made his second visit to North America and enjoyed another spell at Woods Hole. This was on the occasion of an International Congress of Cell Biology which was being held at New Haven and at which he was president of the session on 'Infrastructures'. The opportunity was also taken for visits to the Universities of Harvard, Pennsylvania, Princeton, Indiana, Illinois, Chicago and New York, and in all these he again left behind him a trail of friends and admirers and from which he in turn acquired, among other things, a collection of treasured souvenirs, be they articles of clothing, pipes or merely linguistic expressions.
In Meanwhile his researches continued actively both at the College de France and at the Laboratoire d ' Hydrobiologie du G.N.R.S. at Gif-sur-Yvette, though they became more and more concentrated on the structural aspects of the ciliated protozoa. At Gif-sur-Yvette he was instrumental in establish ing a type-collection of cultures of ciliates and their various strains, a valuable collection which is now housed in the Laboratoire de Zoologie 2 at Orsay. When, however, it is remembered that he celebrated his 70th birthday in 1953 it is very remarkable to find him adopting the electron-microscope as the primary tool for his investigations. It is true that he had several distinguished collaborators at this time, including Gh. Rouiller, J . Dragesco, M. Caresso, P. Favard and, later J . Andr£, and that he always received every assistance from his devoted technical staff, particularly M. Gauchery and MarieGlaude Ganier, but, nevertheless it is but another illustration of Faur6* Fremiet's extraordinary capacity for seeing what are the possible methods for tackling a problem and then for using the best available technique for the purpose. Unlike so many of us, he never tired of learning something new, if it could help him in his investigations, whether it be a method of vital staining, micro-cinephotography, the use of tetrazolium salts, X-ray analyses, or, now electron-microscopy. He was always ready to 'have a go'. In the list of his published works and of the works published by his colleagues in the labora tory it is fascinating to follow the progress from direct light microscopy of both living and fixed material stained by more or less standard but empirical methods, through dark-field illumination, microcinephotography, phasecontrast microscopy, silver impregnation techniques, sophisticated histo chemistry, X-ray analysis, to fluorescence microscopy and electronmicroscopy. In each case these were just methods by which to gain particular ends, and for him they remained as such; they never became his masters. The problem was always the biological one of how things are constructed and how they work, whether the things were cilia, kinetosomes, mitochondria, ciliates, ecological associations, polymorphisms or developing embryos.
It is typical of his manner of thought that in 1958, on the basis that the rods in the eyes of vertebrates depend on the close association of carotenoid pigments with modified cilia, he put forward the interesting suggestion that, since this association of carotenoids and cilia is more characteristic of protophytes than it is of protozoa, it should be taken into account in assessing the relative merits of these two groups as ancestors for the metazoa. He made this suggestion as the result of an electron-microscopic study, in collaboration with Gh. Rouiller, of the eye-spot of Chromulina psammobia. It illustrates very clearly how the elucidation of structure alone did not satisfy him, unless some significance could be attached to the structures disclosed.
His wide interest in, and his mastery of the interpretation of the findings of electron-microscopy and indeed of other 'molecular biological' techniques were beautifully demonstrated by his inaugural address to the International Congress of Cell Biology held in Paris in 1960 .
In 1961 he published in Biological Reviews an article on 'Gils vibratiles et flagelles', which not only summarizes the results of his own investigations on these structures up to that time but also shows his great powers of syn thesis, his wide reading and his deep understanding of the functional aspects of these extraordinarily intricate structures which yet remain basically similar throughout the animal kingdom from protozoa to man. Nine years later (when he was 87) another comprehensive review appeared in VAnnie Biologique on 'Microtubules et M^canismes morphopoitetiques' and again displayed the same capacity for creating a coherent whole from data collected from extremely diverse sources. His concluding remarks in this review emphasize the change that has occurred over the years in our interpretation of the location of the organizational centres of cells from structures just visible in the light-microscope (e.g. centrioles, basal granules, chromomeres etc.) to those in the molecular domain and, in particular, to macromolecular proteins, i.e. to structures which are still at about the limits o f 'the visible'. It is pertinent to add also that the order of magnitude of the structures whose organization is in question have become progressively smaller and smaller as new methods have revealed more and more of the minute organization of living matter. Thus the size of the 'organizer' and of the 'organized' have both decreased over the years. Embryologists in the 1920s were concerned with the dorsal lip of the blastopore as an organizing centre for the whole embryo. Then basal bodies and centrioles were discussed as organizers of cilia and mitotic spindles. To-day developmental physiologists are enquiring into what may be a particular protein configuration which triggers off the polymerization that leads to the formation of a microtubule in a particular place and at a particular time in connexion with the formation of the cilium or mitotic spindle-fibre. Just as the scale of the organizer apparently de creased during his working life, so it is interesting to notice that whereas among his early papers there are descriptions of associations and commen salisms between protozoa and larger organisms, among his latest publications there are descriptions of epizoic and endozoic associations between protozoa and smaller organisms e.g. between £oothamnium alternans and bacteria and Trichodinopsisparadoxa and spirochaetes. Thus do 'big fleas have little fleas' etc.
As though all these wide research interests were not enough to keep his mind occupied, Faurd-Fremiet had a genuine interest in the history of his science and in the careers of those who were engaged in it. With increasing years he was frequently called upon to write obituary notices on his biological colleagues, an onerous duty which he fulfilled with distinction for his patron, professor and father-in-law, Louis-F^lix Henneguy, for Albert Brachet, for his crippled young research colleague Jean Filhol, for Fred Vies, Pol Bouin, Christian Champy and for several others. It is significant too that, even as early as 1928, when he succeeded to the chair of comparative embryology, he chose for his inaugural address to follow its history and its contribution to the science of embryonic development rather than talk about his own re searches. Similarly on the occasion of the tercentenary of the Academic des Sciences his zoological lecture took the form of an historical argument from early nineteenth century, through the observations of Dujardin, in whom he had a great interest, onwards to the concept of molecular biology. Admittedly the discussion this time largely centred round the protozoa, but nevertheless his interest in how the various ideas had developed was clearly a very real one. Similarly too, there is among the Royal Society's Notes and Records an article by Faure-Fremiet on the origins of the Academie des Sciences that draws attention to the similarities between the origins of the two societies and it shows how the expert in electron-microscopy can simultaneously be knowledgeable about the characters of the Renaissance and the beginnings of 'modern science'.
Incidentally, it should be emphasized that it is no mean achievement for anyone who has passed the normal retiring age to become a master of a new and complicated scientific technique, and electron-microscopy was by no means easy when Faur^-Fremiet became involved in it. The machine itself had to be kept under control and dire consequences followed the turning of the wrong knob. Sections had to be cut thinner than ever before by special methods and after the tissues had been subjected to new methods of fixation. Focusing and the photography of the image required considerable knowledge and skill, and were full of pit-falls for the unwary. Indeed electron-microscopy in those days, was sometimes compared with trying to make observations with the highest powers of the light microscope when simultaneously driving a motor-car. Yet Faurd-Fremiet, in his early seventies, not only attained this skill but became a master in the art, a leader in the field of interpretation of electron-micrographs, and President of the Socidtd fran$ais de Microscopie electronique. So much for the compulsory retiring age for academics! Scientifically and intellectually, Emmaneul Faurd-Fremiet was thus a man of great stature, standing head and shoulders above most of his con temporaries in the biological field. His breadth of vision was immense. Physically, by contrast, he was a small retiring man characteristically with a pipe and a friendly smile. Those who worked with him found him modest and self-effacing, with a knack of making them feel that they were the im portant people and that it was their work that really mattered. He was full 202 of humour and fun, had a twinkle in the eye, and a love for the practical joke. He disliked the motor-car and travelled by train if he could not walk. When, in his seventies, he developed a cancer of the lip he endured the prolonged surgical treatment with great fortitude and cheerfulness. Though this misfortune left him scarred for life, it did not daunt him in any way and he continued his scientific work and attended meetings quite undeterred.
As already mentioned, he published a noteworthy review in his 87th year and in that same year (1970) he paid his last visit to America to be the chief guest at a concert which was given in New York in honour of his father, Gabriel Faurd, an occasion which he seems very much to have enjoyed.
Just before his 88th birthday, the bronchitis and emphysema from which he suffered began to gain the upper hand and, early in November 1971, it took a serious turn and he died on the sixth. November had always been an unlucky month for the Faur^-Fremiet family.
The keynotes of his scientific career were: extreme accuracy and precision without any trace of pedantry; first-hand observation; a willingness and an aptitude to find relevant information wherever he could; a desire to interpret structure in terms of function and vice versa; a realization that physiological mechanisms are important in so far as they concern the life of the whole animal and that the lives of animals are lived within particular environments; and a knowledge that these environments, in their turn, have their reactions not only on individual animals and their development, but also on the viability of species and the formation of natural communities. To take a specific example, he recognized that cilia and flagella are fascinating structures in themselves but are primarily important to the protozoa possessing them in relation to the part that they play in helping their owners to maintain their position in the ecosystem of the sea-shore, pond or of whatever natural environment that they inhabit. This interpretation of the whole living process was far more important to him than any problems of detailed classification or nomenclature. These he regarded as important only in so far as they provided guide-lines to the understanding of phylogeny and evolution. He abhorred jargon, the coining of unnecessary terms and the splitting of genera. These are dead, but animals are alive. Like all great men, he had the ability to see the wood in spite of the trees.
Emmanuel Faurd-Fremiet was in every way an artist in life and he enjoyed life to the full. But alas! he left no children to perpetuate his fine stock.
In the preparation of this memoir, the author wishes to acknowledge his indebtedness to Madame Faur^-Fremiet for her ready co-operation and help and for the use of the photographs. He also wishes to thank the following to C. R. Soc. Biol.
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